Background: Xanthorrhoea johnsonii A. T. Lee is a slow growing endemic Australian plant species. Its slow growth rate and lack of use by herbivores as a food source indicate that its leaves may contain chemical deterrents. Materials and Methods: X. johnsonii leaf extracts were tested for toxicity using the Artemia franciscana nauplii bioassay. Toxic extracts were further analysed by RP-HPLC and gas chromatographymass spectroscopy (GC-MS). Results: As well as toxicity, anaesthetic/sedative effects were also noted in the methanolic and ethyl acetate extracts. A. franciscana nauplii 'died' following a 12 h exposure to these extracts, only to 'recover' and swim normally by 48 h exposure. By 60 h the X. johnsonii methanol/ethyl acetate extract exposed nauplii were again experiencing toxic effects and the mortality began to increase. The nauplii did not recover from this moribund state a second time. Analysis of these extracts by RP-HPLC showed that the ethyl acetate extract was the least complex of the toxic extracts. Subsequent analysis of this extract by GC-MS revealed that it contained 12 main compounds: O-hydroxycinnamic acid; acetic acid; 2,2-dimethoxybutane; pinacol; 4-methyl-1,3-dioxane; decane, 2,2-dimethylbutane; 2,5,9-trimethyldecane; 1,2-benzenediol; 1,2,3-benzenetriol; benzoic acid and an unidentified compound. Conclusion: These results confirm the toxicity and anaesthetic/sedative effects of X. johnsonii leaf components and highlight o-hydroxycinnamic acid as the likely compound responsible for this bioactivity.
INTRODUCTION
Xanthorrhoea (commonly known as grass trees) is a small genus of Australian native plants consisting of 28 species, all of which are endemic to Australia. [1] All members of this genus are extremely long lived. Indeed, the age of some Xanthorrhoea plants have been estimated at nearly 600 years. [1, 2] These plants are also extremely slow growing, with the growth of Xanthorrhoea johnsonii A. T. Lee estimated to be substantially less than 1 cm/year. [2] Some members of the genus remain stemless, having the appearance of coarse tufts of rigid grass. Other species develop a thick trunk which is topped by a dense crown of rigid leaves. X. johnsonii is one such example of a trunk forming species. It has been estimated that it may take up to 20 years for trunk formation to occur in some plants. [2] Being such a slow growing genus, it is likely that Xanthorrhoea's may have developed protective mechanisms to deter animal foraging which could potentially threaten their survival. The morphology of plants of this genus suggests that any such protective mechanism is not physical in nature. Xanthorrhoea's have no spines, prickles or other physical mechanisms of protection. Whilst the leaves of some species are coarse, it is unlikely that they are tough enough to deter foraging animals. It is therefore possible that some Xanthorrhoea species may have developed chemical deterrents. This hypothesis is supported by the small number of animals that use Xanthorrhoea leaves as a food source. Although several species of insects, birds and mammals feed on Xanthorrhoea spp., they almost exclusively eat the flowers and seeds, leaving the leaves largely untouched. [1] Indeed, the only reports of animals feeding on significant quantities of Xanthorrhoea leaves were studies examining poisoning of cattle grazing on their leaves. lost weight and if not stopped from eating the leaves, often died. This indicates that a chemical protectant/deterrent present in Xanthorrhoea leaves may be responsible for discouraging foraging herbivores, allowing juvenile plants to grow to maturity.
Recent studies from our laboratory tested this hypothesis by examining X. johnsonii leaves for toxicity using the Artemia franciscana nauplii (brine shrimp larvae) lethality bioassay. [4, 5] Whilst significant toxicity was detected in methanolic extracts of the leaves of X. johnsonii in those studies, another unexpected bioactivity was also reported. The extract had an apparent anaesthetic effect. Although the X. johnsonii methanolic extract initially appeared to rapidly kill the A. franciscana nauplii, they were able to recover by 48 h of exposure. This effect was compared to the effects previously described for tubocurarine, dimethyltubocurarine and alcuronium (collectively known as curare, a South American arrow poison) from Chondrodendron tomentosum. [6] Curare is a neuromuscular blocker that was commonly used as a muscle relaxant by anaestheologists prior to the development of safer, more effective muscle relaxants. It functions by blocking neuronal nicotinic acetylcholine receptors (nAChR), thus blocking neurotransmission. [7] However, our earlier study did not determine the chemical composition of the X. johnsonii methanolic extract.
The current report was undertaken to extend the previous studies into the anaesthetic effect of X. johnsonii leaf methanolic extract and to structurally characterise the phytochemical composition of a bioactive extract. Extraction with a variety of solvents with different polarities was used to differentially extract different components. gas chromatography-mass spectroscopy (GC-MS) analysis was used to identify any known components in an active extract.
MATERIALS AND METHODS

Plant collection and extraction
X. johnsonii is one of only two species of Xanthorrhoea occurring naturally in Toohey Forest, Australia. It is easily distinguished from the other species as X. johnsonii is the only trunk forming species occurring in that area. X. johnsonii leaves were collected from Toohey Forest and were identified with reference to a taxonomic key to Toohey Forest plants. [8] Samples were dried in a Sunbeam food dehydrator and then ground to a coarse powder. 1 g of plant material was weighed into each of five tubes and five different extracts were prepared by adding 50 ml of methanol, water, ethyl acetate, chloroform, or hexane respectively. All solvents were obtained from Ajax and were AR grade. Leaf material was extracted in each solvent for 24 h at 4°C with gentle shaking. The extracts were filtered through filter paper (Whatman No. 54) under vacuum, followed by drying by rotary evaporation in an Eppendorf concentrator 5301. The resultant dry extract was weighed and redissolved in 10 ml deionised water.
Qualitative phytochemical studies
Phytochemical analysis of X. johnsonii extracts was conducted by previously described qualitative assays [9, 10] and are briefly outlined below.
Saponins
1 mL of pure extract was added to 1 mL deionised water and shaken vigorously for 30 s. The tubes were allowed to stand for 15 min and the presence or absence of persistent frothing was noted. Persistent frothing indicated the presence of saponins.
Phenolic compounds
Phenolic compounds were detected using a modified version of the Folin-Ciocalteu procedure. [9, 10] 200 μL of crude extract was added to 2 mL of 3% aqueous sodium carbonate, followed by the addition of 200 μL FolinCiocalteu reagent. The mixture was allowed to stand for 30 min at room temperature. The formation of blue/gray colour indicated the presence of phenolic groups.
Water soluble phenol test
2 drops of 1% ferric chloride were added to 500 µL of each extract. A red colour change indicated the presence of water soluble phenols.
Water insoluble phenol test
500 µL of dichloromethane, 3 drops of 1% ferric chloride and 1 drop of pyridine were added to 500 µL of each extract and mixed. The presence of insoluble phenols was indicated by a colour change.
Flavonoids
100 μL of aqueous sodium hydroxide was added to 1 mL of each extract. The development of an intense yellow colour indicated the presence of flavonoids. 100 μL of concentrated HCl was added to the solution. Reversion to the original colour confirmed the presence of flavonoids.
Polysteroids
Three drops of acetic anhydride was added to 500 μL of crude extract, followed by the addition of a few drops concentrated sulphuric acid. The solution was allowed to sit at room temperature for 5 min. Formation of a blue/green colour indicated the presence of polysteroids.
Triterpenoids
1 mL of extract was slowly added to 400 µL chloroform, followed by careful addition of 400 µL concentrated sulphuric acid. Formation of a red/brown/purple colour at the interface indicated the presence of triterpenoids.
Cardiac glycosides 500 μL of extract was added to 500 μL glacial acetic acid. A few drops of 1% aqueous iron chloride and concentrated sulphuric acid were then carefully added. The presence of a red/brown ring of the interface or the formation of a green/blue colour throughout the solution indicates the presence of cardiac glycosides.
Anthraquinones
The modified Kumar test [9, 10] involved addition of a few drops of concentrated sulphuric acid to 500 μL pure extract, followed by the careful addition of 500 μL of ammonia. A rose pink colour indicates the presence of free anthraquinones. For the Ajaiyeoba test, [9, 10] 450 μL of crude extract was added to 50 μL concentrated HCl and allowed to stand at room temperature for several minutes. 500 μL chloroform was then carefully added. The formation of a rose pink colour indicates the presence of combined anthraquinones.
Tannins
Two drops of 1% aqueous ferric chloride reagent were added to 500 μL of crude extract. The mixture was observed for the formation of blue, blue-black, green or green-black colouration which indicated the presence of tannins.
Alkaloids
Two methods were used to test for the presence of alkaloids:
Mayer's reagent test 200 μL of pure extract was treated with a few drops of aqueous solution of hydrochloric acid and 500 μL Mayer's reagent. Formation of a white precipitate was taken to indicate the presence of alkaloids.
Mayer's reagent: Mercuric chloride (1.358 g) was dissolved in 60 mL deionised water. Potassium Iodide (5.0 g) was dissolved in 10 mL deionised water. The mercuric chloride and potassium iodide solutions were mixed and made up to 100 mL with deionised water.
Wagner's reagent test 200 μL of each extract was treated with a few drops of an aqueous solution of hydrochloric acid and 500 μL Wagner's reagent. A reddish-brown flocculent precipitate indicated the presence of alkaloid.
Wagner's reagent: 1.27 g Iodine and 2 g Potassium Iodide were dissolved in 5 mL deionised water and made up to final volume 100 mL with deionised water.
Toxicity screening
Reference toxins for biological screening Potassium dichromate (K 2 Cr 2 O 7 ) (AR grade, ChemSupply, Australia) was prepared as a 1.6 mg/mL solution in distilled water and was serially diluted in synthetic seawater for use in the A. franciscana nauplii bioassay. Mevinphos (2-methoxycarbonyl-1-methylvinyl dimethyl phosphate) was obtained from Sigma-Aldrich as a mixture of cis (76.6%) and trans (23.0%) isomers and prepared as a 4 mg/mL stock in distilled water. The stock was serially diluted in artificial seawater for use in the bioassay.
Artemia franciscana nauplii toxicity screening Toxicity was tested using the A. franciscana nauplii lethality assay developed for the screening of active plant constituents. The assay was modified as previously described. [11] [12] [13] Briefly, A. franciscana cysts were obtained from North American Brine Shrimp, LLC, USA (harvested from the Great Salt Lake, Utah). Synthetic seawater was prepared using Reef Salt, AZOO Co., USA. Seawater solutions at 34 g/L distilled water were prepared prior to use. 2 g of A. franciscana cysts were incubated in 1 L synthetic seawater under artificial light at 25°C, 2000 Lux with continuous aeration. Hatching commenced within 16-18 h of incubation. Newly hatched A. franciscana (nauplii) were used within 10 h of hatching. Nauplii were separated from the shells and remaining cysts and were concentrated to a suitable density by placing an artificial light at one end of their incubation vessel and the nauplii rich water closest to the light was removed for biological assays. 400 µL of seawater containing approximately 46 (mean 46.1, n=140, SD 18.7) nauplii were added to wells of a 48 well plate and immediately used for bioassay. The plant extracts were diluted to 4 mg/mL in seawater for toxicity testing, resulting in a 2 mg/mL concentration in the bioassay. 400 µL of diluted plant extract and the reference toxins were transferred to the wells and incubated at 25±1°C under artificial light (1000 Lux). A negative control (400 µL seawater) was run in triplicate for each plate. All treatments were performed in at least triplicate. The wells were checked at regular intervals and the number of dead counted. The nauplii were considered moribund if no movement of the appendages was observed within 10 sec. After 72 h all nauplii were sacrificed and counted to determine the total number per well. The LC 50 with 95% confidence limits for each treatment was calculated using probit analysis.
Reverse phase high performance liquid chromatography
Gradient reverse phase high performance liquid chromatography (RP-HPLC) was performed at a flow rate of 1 mg/mL using dual LC-10 AT VP pumps (Shimadzu HPLC class VP series), a variable wavelength programmable photodiode array detector SPD MIOA VP (Shimadzu), a CTO-IOAS VP column oven (Shimadzu), an SCL-10A VP system controller (Shimadzu) and a BioRad reverse phase C 18 column (150 mm × 4.6 mm). The HPLC system was equipped with software class VP series version 6.12 (Shimadzu). The gradient was performed as follows: 5 min 0% methanol, followed by a 10 min gradient to 5% methanol. This was followed by a 10 min gradient to 20% methanol; 5 min gradient to 100% methanol; 100% methanol for 5 min; 5 min gradient to 0% methanol. The column temperature was maintained at 24°C throughout. A 20 μL sample was injected using the autoinjector (Shimadzu). 20 μL of deionised water was used as a negative control to produce the baseline curve and zero the machine prior to each experiment.
Gas chromatography-mass spectroscopy
X. johnsonii leaf extract was diluted to 1 mg/mL and 0.5 μL was separated on a nonpolar DB5-HT capillary column (20 m × 0.18 mm) with a 0.1 µm film (J and W Scientific) fitted to an AutoSystem XL GC-MS. The injector temperature was 270°C and the oven temperature was programmed at an initial temperature of 50°C for 1 min, rising at 25°C per minute to 160°C and maintained at that temperature for 1 min. The temperature was subsequently increased by 10°C per min to 300°C and maintained at that temperature for a further 4.6 min. The carrier gas was helium at a constant pressure of 5 kPa. The GC was directly interfaced with an AutoSystem XL quadrapole mass spectrometer with an interface temperature of 270°C. Sample ionisation was by 70 eV electron impact and was analysed in positive mode. Structural determination was by comparison of mass spectral patterns to ChemSpider data bases.
Statistical analysis
Bioactivity data are expressed as the mean±standard error of at least three independent experiments.
RESULTS
Liquid extraction yields and qualitative phytochemical screening
Extraction of 1 g of dried plant material with various solvents yielded dried plant extracts ranging from 40 mg to 264 mg [ Table 1 ]. Chloroform gave the highest yield of dried extracted material (264 mg) whilst ethyl acetate extracted the lowest mass (40 mg). The dried extracts were resuspended in 10 mL of deionised water for further analysis, resulting in the extract concentrations shown in Table 1 .
Phytochemical studies [ Table 2 ] show that methanol and water extracted the widest range of phytochemicals from X. johnsonii leaves. Both extracts showed moderate to high levels of water soluble phenolics and low levels of water insoluble phenolics. Moderate to high levels of saponins, triterpenes and flavanoids were also detected in these extracts. The methanol and water extracts also contained low but detectable levels of cardiac glycosides, tannins and anthraquinones. The ethyl acetate, chloroform and hexane extracts all only had detectable levels of water insoluble phenols and saponins.
Quantification of toxicity
X. johnsonii extracts were diluted to 2000 µg/mL in artificial seawater for toxicity testing, resulting in a 1000 µg/mL concentration in the A. franciscana lethality bioassay. For comparison, the reference toxins potassium dichromate (800 µg/mL) and Mevinphos (2000 µg/mL) were also tested in the bioassay. The potassium dichromate [ Figure  1f ] and Mevinphos [ Figure 1g ] positive controls both induced the onset of mortality within 24 h of exposure, with 100% mortality induction by 36 h. In agreement with previous reports, [4] the X. johnsonii methanol extract [ Figure 1a ] induced apparent morbundity very rapidly. Indeed, 87.8±0.9% apparent morbundity was seen at 12 h, with 100% apparent morbundity at 24 h. Also similar to our previous report was the decrease in apparent morbundity between 36 h and 60 h of exposure, reaching a minimum of 52.1±12.1% by 60 h. A similar trend was evident for the ethyl acetate extract [ Figure 1c ] with approximately 100% apparent morbundity recorded at 12 h, and a decrease in apparent morbundity to a minimum of 65.7±10.7% at 60 h of exposure. All other solvent extracts [ Figures 1b,d ,e] were nontoxic in the A. franciscana lethality bioassay, with no increase in apparent morbundity above that of the seawater control [ Figure 1h ].
Reverse phase high performance liquid chromatography analysis of extracts displaying apparent anaesthetic effects
The extracts which displayed apparent anaesthetic effects (ie. methanol and ethyl acetate extracts) were further analysed by RP-HPLC analysis. The methanol extract chromatogram [ Figure 2a ] revealed numerous overlapping peaks, particularly in the very early stages of the chromatogram corresponding to the elution of polar compounds. However, peaks at later stages of the chromatogram indicate the broad spread of polarities of the compounds in the methanol extract. In contrast, the ethyl acetate extract chromatograph [ Figure 2b ] revealed much fewer peaks. The major peak eluted with the column void volume, indicating the polar nature of these compound(s). However, a minor peak was also evident eluting at higher methanol concentrations later in the chromatogram. As the ethyl acetate extract appeared to contain much fewer compounds yet still retained the same degree of bioactivity, this extract was deemed suitable for further analysis by GC-MS.
Gas chromatography-mass spectroscopy analysis of the X. johnsonii ethyl acetate extract
Gas chromatography of the ethyl acetate extract [ Figure 3 ] resulted in the separation of 12 main peaks. These peaks were further analysed by mass spectroscopy [ Figure 4 ]. Of the 12 peaks, structural identification was achieved for 11 compounds [ Table 3 ]. The major peak from the gas chromatogram had a retention time of 3.22 min. MS analysis [ Figure 4e ] determined the mass of this compound to be 142 and the empirical formula to be C 10 H 22 . A comparison with MS data bank ionisation patterns showed similarity with the 10 carbon hydrocarbon decane. Other compounds in the extract were determined to be the branched chain hydrocarbons 2,2-dimethylbutane (retention time 3.69 min; Figure 4f ) and 2,5,9-trimethyldecane (retention time 3.88 min; Figure 4g ). Acetic acid (retention time 1.09; Figure 4a ), 2,2-dimethoxybutane (retention time 1.57 min; Figure 4b ) and pinacol (retention time 1.69; Figure 4c ) were also determined to be present in the extract. Benzoic acid (retention time 5.78; Figure 4k ) and the benzene alcohols 1,2-benzenediol (retention time 4.59; Figure 4i ) and 2,5,9-trimethyldecane (retention time 5.43; Figure 4j ) were also detected. Also identified were 4-methyl-1,3-dioxane (retention time 2.19; Figure 4d ) and o-hydroxycinnamic acid (retention time 4.37; Figure  4h ). A definitive MS was not able to be obtained for the compound with a retention time of 6.24 min, therefore we were unable to indentify this compound. 
DISCUSSION
This study reports on the apparent anaesthetic effect of X. johnsonii methanol and ethyl acetate leaf extracts. This is in agreement with a previous study which reported on the apparent anaesthetic effect of a X. johnsonii methanolic leaf extract. [4] In both the current and previous studies, brine shrimp nauplii exposed to the X. johnsonii methanol (and ethyl acetate in this study) leaf extracts 'died' following a 12 h exposure, only to 'recover' and swim normally by 48 h exposure. It appears that the X. johnsonii methanol and ethyl acetate leaf extracts have anaesthetic effects, possibly similar to those previously reported for tubocurarine, dimethyltubocurarine and alcuronium (collectively known as curare, a South American arrow poison) from Chondrodendron tomentosum [6] from which the A. franciscana nauplii are able to temporarily recover. By 60 h the X. johnsonii methanol or ethyl acetate extract exposed nauplii were again experiencing difficulty in swimming ('strobe-like' swimming) and the % apparent moribundity began to increase. The nauplii did not recover from this moribund state a second time.
Of the compounds detected by GC-MS in the bioactive X. johnsonii ethyl acetate leaf extract, several have been reported to have medicinally important bioactivities. Benzoic acid and its derivatives have previously been used in the treatment of fungal disorders including tinea, ringworm and athletes foot. [14, 15] They were also used as expectorants, analgesics and antiseptics until the early part of the 20 th century. [14, 16] Furthermore, sodium benzoate (a soluble benzoic acid salt) is used as a common antimicrobial preservative in foods, although it usage is limited to ≤ 0.1% due to its toxicity. [14, 17] Similarly, the benzene alcohols detected in the X. johnsonii ethyl acetate extract (1,2-benzenediol (catechol) and 1,2,3-benzenetriol (pyrogallol)) also have documented antiseptic properties. [14] They are also powerful reducing agents and therefore have potential applications in protection against oxidative stress. Furthermore, catechol is also a component of some pesticides and a precursor for several pharmaceuticals. A literature search was unable to find any reports of anaesthetic/sedative effects for any of these compounds.
Several other compounds detected in the X. johnsonii ethyl acetate extract are toxic and may therefore contribute to the toxicity reported in this and previous studies. [4, 5] The unbranched (decane) and branched (2,5,9-trimethyldecane, 2,2-dimethylbutane) paraffins detected in this study have previously been reported to be toxic. [18] The branched alcohol pinacol and the branched ether 2,2-dimethoxybutane have also been shown to be toxic. Similarly, acetic acid has previously been shown in our laboratory to induce mortality in A. franciscana nauplii and is routinely used to induce mortality in the assay prior to total nauplii counts. [19] Of perhaps more interest is the presence of a hydroxycinnamic acid in the X. johnsonii ethyl acetate extract. Hydroxylated cinnamic acid derivatives have been shown to have a number of medicinally important bioactivities including antimicrobial, [20] anti-inflammatory, [21] antioxidant, antigenotoxic [22] and gastroprotective [23] bioactivities. Hydroxycinnamic acid is synthesised from the aromatic amino acids tyrosine and phenylalanine and may affect aromatic amino acid metabolism [ Figure 5 ].
Aromatic amino acid metabolism can be regulated by feedback inhibition loops [ Figure 5 ]. Tyrosine and phenylalanine have been shown to inhibit the enzyme chorismate mutase and thus inhibit their own production. [24] As hydroxycinnamic acids are products of further tyrosine or phenylalanine metabolism, it is likely that hydroxycinnamic acids may also inhibit chorismate mutase. This would result in more chorismate being available to be converted to tryptophan and thus ultimately to serotonin. Therefore, the presence of increased levels of hydroxycinnamic acid may stimulate the production of higher levels of serotonin, which may in turn be responsible (at least in part) for the sedative/ anaesthetic effect seen in this study.
Interestingly, whilst o-hydroxycinnamic acid was detected in the ethyl acetate extract in this study, we did not detect serotonin. Extract derived serotonin may therefore not be responsible for the anaesthetic/sedative effect seen in A. franciscana. Instead, any increase in serotonin level may be due to the A. franciscana's own metabolism. Previous studies have demonstrated the ability of fasting Artemia salina (a species closely related to A. franciscana) to synthesise tyrosine and phenylalanine. [25] Unfortunately that study did not report on the tryptophan levels in A. salina. Whilst not stated by the authors, it is likely that the A. salina tryptophan was destroyed during the acid hydrolysis protocol used in that study and was thus unable to be detected. It is therefore possible that Artemia spp. may have the ability to synthesise their own tryptophan and further studies are required to determine if this is so. If indeed A. franciscana can synthesise tryptophan then it is possible that exposure to o-hydroxycinnamic acid in the ethyl acetate and methanol extracts may induce production of tryptophan in the A. franciscana by blocking chorismate mutase. Excess tryptophan may then be converted to serotonin, which in turn may result in the anaesthetic/sedative effect observed in our studies. Alternatively, o-hydroxycinnamic acid may directly modulate the conversion of endogenous tryptophan to serotonin with the same result.
o-Hydroxycinnamic acid may be produced by X. johnsonii as a defence against herbivores and its production may be up-regulated in response to other stresses. Similar defence responses exist in other plant species. Rice responds to pathogenic infection by enhancing anthranilate synthase (AS) which regulates flux through the tryptophan biosynthetic pathway. [26] This results in increased serotonin production and incorporation into cell walls at the site of the lesion. Whilst that study did not examine the mechanism of AS activation, it may occur via a hydroxycinnamic acid induced blocking of chorismate mutase mechanism that we postulate to occur in X. johnsonii. Indeed, a different study has noted an increase in the levels of hydroxyl-cinnamic acids in the cell walls of pathogen challenged plants. [27] Similarly, Avena sativa (oat) produces hydroxyl-cinnamic acid amides as phytoalexins in response to infections. [28] Other stresses have also been shown to affect aromatic amino acid synthesis and their subsequent usage in the production of a variety of secondary metabolites including coumarins and other cinnamic acid derivatives, phenolic esters, quinines, indole derivatives, anthrocyanins and lignin. The production of aromatic secondary metabolites may be regulated by developmental stage, [29] and environmental stimuli such as light and wounding [30] as well as exposure to toxins. [31] The X. johnsonii leaf samples examined in this study were collected in 2008 during a long period of drought in Australia. Perhaps these harsh conditions may have resulted in the X. johnsonii plants producing (or increasing production of) a stress related protective compound (possibly o-hydroxycinnamic acid). Indeed, Toohey Forest leaf samples from several X. johnsonii plants collected during this drought period have all provided the same trend reported here. In contrast, we have not detected this trend in the extracts of X. johnsonii leaf samples collected during periods of normal rain after the drought had ended (unpublished results). Previous studies into the aromatic amino acid metabolism of different plant species have reported that plants often react to stresses such as amino acid starvation or exposure to oxidative stress inducers by inducing the expression of the genes encoding for tryptophan biosynthetic enzymes. [24, 32] It is possible that other stresses such as water deprivation may induce similar responses, although this is yet to be determined. Whilst the current studies indicate that similar metabolic pathways may be involved in X. johnsonii protective mechanisms, biochemical verification is necessary. It would be of interest to determine whether other stresses induce similar responses in X. johnsonii and other related Xanthorrhoea species.
CONCLUSIONS
The results reported here confirm the toxicity of X. johnsonii leaf components and the apparent anaesthetic/ sedative effects previously reported for methanolic leaf extracts. This study extends the earlier study, testing a range of solvents with different polarities. An apparent anaesthetic effect and toxicity were detected in both the methanol and ethyl acetate extracts. As the ethyl acetate extract appeared to be less complex (as determined by RP-HPLC analysis) it was further analysed by GC-MS, resulting in the separation of 12 main components. Of these, 11 compounds were identified, with the compound most likely to be responsible for the observed anaesthetic/sedative effect being o-hydroxycinnamic acid. Further studies are required to confirm that authentic o-hydroxycinnamic acid has the effects described here. Similarly, mechanistic studies are required to determine whether the anaesthetic/sedative effect is induced by the mechanism postulated in this report.
